Hidden symmetries in Bechgaard salt (TMTSF)2N03 
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Among known Bechgaard and Fabre salts (TMTSF)2N03 is unique since it never becomes su- 
perconducting even under pressure. Also, though (TMTSF)2N03 undergoes the spin density wave 
(SDW) transition, the low temperature transport is semimetallic and gapless. We propose: a) the 
absence of the superconductivity is due to the inverse symmetry breaking associated with the anion 
ordering at 45 K; b) the SDW state below 9K should be unconventional as seen from the angle de- 
pendent magnetoresistance oscillation (AMRO); c) a new phase diagram for Bechgaard salts where 
unconventional spin density wave (USDW) occupies the prominent space. 

PACS numbers: 



I. INTRODUCTION 

The Bechgaard salt (TMTSF)2PF6 is well known as 
the first organic superconductor discovered by Jerome et 
aS. in 1980. Further, Bechgaard salts [(TMTSF)2X with 
X=PF6, CIO4, AsFg. . .] and Fabre salts (TMTTF)2X 
are well known with a variety of ground states un- 
der pressure and in magnetic field: spin density wave 
(SDW), unconventional spin density wave (USDW), 
field induced spin density wave (FISDW) and triplet 
superconductivityi^'^'^i^i^iii^ 

(TMTSF)2N03 (and possibly (TMTTF)2N03) is 
unique among known Bechgaard and Fabre salts^ in 
that it never becomes superconducting even under high 
pressureJ^ Further, (TMTSF)2N03 undergoes the SDW 
transition at 9K, but its low temperature transport is 
semimetallic and gapless 

As described in section HIl the absence of the triplet su- 
perconductivity is due to the inversion symmetry break- 
ing associated with the anion ordering at 45 K ;^^i^^ The 
absence of the superconductivity is most conveniently 
formulated in terms of the chiral symmetry breaking term 
or the Rashba termi^^ The Rashba term of the order 
2 — 3 K is adequate to suppress the triplet supercon- 
ductivity completely. Further, the partial suppression of 
FISDW in (TMTSF)2N03 (i.e., the absence of a FISDW 
for P < 8 kbar and i? < 20 T) observed in Ref. HI gives 
the Rashba term ~ 8 K. 

In section IIIII we briefly review AMRO in 
(TMTSF)2N03. In our analysis the Landau quan- 
tization of the quasiparticle spectrum discovered by 



we have succeeded in interpreting the surprising angle 
dependent magnetoresistance oscillation (AMRO) ^^i^^ 
and the nonlinear Hall resistance^ in terms of USDWii 

Finally, we propose a new phase diagram for Bechgaard 
salts^ which is very different from the earlier version, for 
example in Ref. In the new phase diagram, USDW 
will occupy a wider region in the metallic side. 



II. ROLE OF THE INVERSION SYMMETRY 
BREAKING 



In 1984. P. W. Andersor^ii suggested that the triplet 
superconductivity is forbidden in crystals without in- 
version symmetry. Then the discovery of a new su- 
perconductivity in CePt3Si, the crystal without inver- 
sion symmetry, by Baner et al in 2004 has generated 
sensation3^^>23^ 

Fortunately, the situation is much simpler in 
(TMTSF)2N03 since we expect that the Rashba term 
should be of the order of 10 K as it is associated with the 
AO at 45 K Also, the anion ordering is along the a axis 
with q = (1/2, 0, 0). So, we take the Rashba term as: 



Hb = y^cTxkx cos ( iak 



(1) 
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plays the crucial role. Indeed, 



as the simplest choice. Then the effect of the Rashba 
term in the superconducting transition temperature Tc 
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is given hy^ 

(2) 

where Tco is the superconducting transition temperature 
in the absence of the Rashba term (e.g. Tco = 1-2 K) 
and ip{z) is the digamma function. Here (■ • ■ ) means 
the average over the Fermi surface and / is the one of 
candidate function of chiral /-wave superconductorsi^^ 
The average over the Fermi surface is readily done and 
we find: 

where Aq = Acos(aki?/2) ~ Acos(7r/8). We note that 
the Eq. ([3]) is the same as the expression for Tc in the 
presence of the Pauh term j ^ ^ ' i - - In particular the super- 
conductivity is completely suppressed for Aq > 2.5 K. Ac- 
tually, the partial suppression of FISDW as found in Ref. 
IT4i . provides the more precise value for Aq.^^ The suppres- 
sion of FISDW is given by a similar formula as Eq. ([3]) 
where Tc and Tco have to be replaced by the correspond- 
ing FISDW transition temperatures. Then comparison 
with the experimental data in Ref. gives Aq ^ 7.5 K. 

Therefore {TMTSF)2N03 appears to be the sim- 
plest case where the Rashba term on the triplet su- 
perconductivity can be studied. Also we predict that 
(TMTTF)2N03 neither becomes superconducting even 
under high pressure. 



III. AMRO IN (TMTSF)2N03 

Unconventional density wave (UDW) is a kind of den- 
sity wave where the quasiparticle energy gap A(k) van- 
ishes on lines on the Fermi surface.^- For example in 
UDW the electric resistance is metallic and in many cases 
R (X T^. The quasiparticle energy spectrum in the ab- 
sence of magnetic field is given by: 

(k) = r;(k) ± ^e + A^k) (4) 

where //(k) is the imperfect nesting, ^ = v{k — kp) 
with V the Fermi velocity, and A(k) = Acos(bk) for 
(TMTSF)2N03. 

Then in the presence of a magnetic field B tilted 
form the c* axis by an angle 9, the quasiparticle energy 
changes to 

= ^n ± ^/2TieB\cose\vbA (5) 

with n — 0,1,2,3,... due to the Landau 
quantization. ^^'^^ Then the magnetoresistance is 
given by 

R-^ = 0-1 [1 -t- 2Ci sech2(a;i/2) + ■ ■ ■] (6) 



12 I r 




' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' — ' — ' 

-90° -60° -30° 0° 30° 60° 90° 

angle ff (deg) 

FIG. 1: The angular dependence of the normalized resis- 
tance R{B,0)/Ro at r = 4.2 K (full lines: experimental data; 
dashed lines: fits to the theory). Magnetic field is rotated in 
b'-c^ plane, and 9 = 0° corresponds to B||c*. Data are from 
Ref. [ii (B > 8 T) and Ref. EtI (B = 6 T). 



where xi — E^/kgT and Ci is a constant weakly de- 
pendent on T and B. In Fig. [1] we show a fitting of the 
AMRO for different magnetic fields, from Ref. ilTiandilsl. 

In this fitting we have neglected 771. The inclusion of 
r]i should reproduce the bumpy structure in Rxx- With 
this fitting we obtain A = 6.3 K Compared with Tc = 
9K this A appears to be somewhat too small. But it 
is possible that the Rashba term would suppress A to a 
small value. The pressure dependencies of Tc and A are 
therefore of great interest. 



IV. NEW PHASE DIAGRAM 



In the preceding section we have seen that SDW in 
(TMTSF)2N03 is USDW,! From this we can construct 
a new phase diagram for Bechgaard salts. This is shown 
in Fig. O Compared with the old one in Ref. 2 and 
Ref. 0, we have added a) the coexistence region of SDW 
plus USDW for T < T* Tc/3 and b) USDW for 
P > 8 kbar in (TMTSF)2PF6. Furthermore, charge order 
(CO) in (TMTTF)2SbF6 and the T*(= T^/S) anomaly in 
(TMTTF)2Br under pressure have been reported in Refs. 
29,30,31,32,33,34. From this phase diagram the absence 
of the triplet superconductivity in (TMTSF)2N03 is very 
surprising, as we have clarified in section [Til 
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FIG. 2; The schematic pressure-temperature phase diagram 
for Bechgaard salts. ('CO' — charge order, 'SP' — spin Peir- 
erls.) 
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